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Background: This study evaluates the association between Internal Addiction (IA) and psychiatric co-morbidity in
the literature.
Methods: Meta-analyses were conducted on cross-sectional, case–control and cohort studies which examined the
relationship between IA and psychiatric co-morbidity. Selected studies were extracted from major online databases.
The inclusion criteria are as follows: 1) studies conducted on human subjects; 2) IA and psychiatric co-morbidity
were assessed by standardised questionnaires; and 3) availability of adequate information to calculate the effect size.
Random-effects models were used to calculate the aggregate prevalence and the pooled odds ratios (OR).
Results: Eight studies comprising 1641 patients suffering from IA and 11210 controls were included. Our analyses
demonstrated a significant and positive association between IA and alcohol abuse (OR = 3.05, 95% CI = 2.14-4.37,
z = 6.12, P < 0.001), attention deficit and hyperactivity (OR = 2.85, 95% CI = 2.15-3.77, z = 7.27, P < 0.001), depression
(OR = 2.77, 95% CI = 2.04-3.75, z = 6.55, P < 0.001) and anxiety (OR = 2.70, 95% CI = 1.46-4.97, z = 3.18, P = 0.001).
Conclusions: IA is significantly associated with alcohol abuse, attention deficit and hyperactivity, depression and
anxiety.
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Internet addiction (IA) was initially considered a new
psychiatric disorder in the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) [1].
Following publication of the DSM-5 in 2013 however,
internet gaming disorder was instead, contemplated [2].
The proposed diagnostic criteria for internet gaming dis-
order mirror the core criteria of substance misuse disor-
ders, and include the following: 1) preoccupation with
internet gaming; 2) occurrence of withdrawal symptoms
when internet gaming access is removed; 3) the need to
spend increasing amounts of time on internet gaming; 4)
unsuccessful attempts to control internet gaming; 5)
continued excessive internet gaming despite negative
psychosocial consequences; 6) loss of previous inter-
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unless otherwise stated.internet gaming; 7) the use of internet gaming to
relieve dysphoria; 8) deceiving others about internet
gaming; and 9) loss of relationship, educational opportunity
or career as a result of internet gaming. IA is a broader con-
struct which comprises internet gaming and other forms of
addictive internet usage (e.g. addictive downloading, exces-
sive use of social networking sites and addictive online
shopping). As a result, the construct of IA warrants empir-
ical attention for further consideration as a formal psychi-
atric disorder in the prospective diagnostic nomenclature.
With the growth of internet users worldwide, IA has
become a pandemic in the new era [1]. Ko et al. [3]
reported that the prevalence of IA ranged from 1% to
36.7%. The variability in prevalence rates across the
studies that were reviewed may be attributed to varia-
tions in accessibility of the internet in different coun-
tries, definitions of IA and diagnostic instruments [4]. IA
and psychiatric co-morbidity may co-occur as a dual
diagnosis and engender significant impact on patients
and existing treatment services. There is a pressing needThis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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psychiatric co-morbidity. Excessive internet use was
found to be associated with psychiatric conditions such
as depression [5], insomnia [6], attention deficit and,
hyperactivity and social phobia [7]. Ko et al. [3] pub-
lished a review of the literature and reported that IA
was associated with attention deficit and hyperactivity
disorder (ADHD), major depressive disorder and social
anxiety disorder. It was however, a descriptive review
which lacked statistical analyses to support such associa-
tions. Conversely, a meta-analysis is able to estimate the
aggregate prevalence and odds ratio (OR) of psychiatric
co-morbidity in patients suffering from IA as compared
to healthy controls. Carli et al. [8] published a systematic
review on the association between pathological internet
use and combined psychopathology. According to the
review, the prevalence rates of psychiatric co-morbidity
varied from 57% with symptoms of anxiety to 100% with
attention deficit and hyperactivity. The high prevalence
rate reported in this review has to be interpreted with
caution because the authors did not specify the statis-
tical method that was used to calculate the aggregate
prevalence. Furthermore, the pooled OR was not calcu-
lated for each psychiatric co-morbidity. Carli et al. also
concluded that depression and ADHD demonstrated the
strongest correlations with pathological internet use.
However, these correlations need to be corroborated by
a methodologically robust meta-analysis. The amalgam
of studies on IA and psychiatric co-morbidity seemed to
elucidate heterogeneity yet both reviews did not report
the level of heterogeneity. The objective of this meta-
analysis was to evaluate the association between IA and
psychiatric co-morbidity. We performed a meta-analysis
of cross-sectional, case-control and cohort studies to
determine the overall strength of the putative association
between IA and psychiatric co-morbidity. We also com-
puted the aggregate prevalence of psychiatric co-morbidity
among people with IA as compared to controls without IA,
and reported the level of heterogeneity for each psychiatric
co-morbidity. As IA is a confluence of substance use and
addictive disorder, we hypothesized that the prevalence of
psychiatric co-morbidity in IA would be similar to the
prevalence of psychiatry co-morbidity in substance use and
addictive disorders in general.
Methods
Online databases were searched from inception to June
2012: PubMed (from 1966), Embase (from 1980), Psy-
chINFO (From 1806), BIOSIS (from 1926), Science Direct
(from 2006) and Cochrane CENTRAL (from 1993). The
search terms used were permutations of keywords for inter-
net addiction (internet addiction, problematic internet use)
and psychiatric co-morbidity (depress*, mood, bipolar,
ADHD, attention deficit hyperactivity, conduct, anxiety,phobia, panic, psychosis, schizo*, eating, anorexia, bulimia,
personality, antisocial, borderline, narcissistic, histrionic,
schizoid, schizotypal, paranoid, dependent, anxious, avoid-
ance, obsessive compulsive, anankastic, histrionic, alcohol,
cannabis, marijuana, amphetamine, cocaine, stimulant,
ecstasy, hallucinogen, ketamine, phencyclidine and heroin)
where the symbol* indicates truncation. Abstracts pre-
sented in major international conferences and unpublished
dissertations were manually searched, and the authors of
selected correspondences were contacted for further infor-
mation. References from the retrieved papers were hand-
searched.
Inclusion criteria
We sought all cross-sectional, case-control and cohort
studies that examined the relationship between IA and
psychiatric co-morbidity. Studies were included if they
1) were human studies involving patients suffering from
IA and healthy controls without IA; 2) adopted a formal
definition of IA based on the Young’s Internet Addiction
Test, Chen Internet Addiction Scale or other well-
defined criteria. Young’s Internet Addiction Test defines
IA predominantly by 1) withdrawal; 2) social problems;
3) time management and performance; and 4) reality
substitute [9]. Chen Internet Addiction Scale defines IA
mainly by 1) withdrawal, compulsive use, and tolerance;
2) interpersonal and health-related problems; and 3)
time management problems [10]; 3) analyzed psychiatric
co-morbidity as the main variable of interest or as a
covariate; 4) analyzed psychiatric co-morbidity as the
dependent variable where the psychiatric co-morbidity
was assessed by standard questionnaires; and 5) provided
sufficient information to calculate the aggregate preva-
lence of psychiatric co-morbidity in the IA group and
the control group. For case-control studies to be in-
cluded, the studies must have drawn some comparisons
regarding the presence of a psychiatric co-morbidity be-
tween the IA group and the control group. For inclusion
of prospective studies in the meta-analysis, sufficient
information was required to estimate the aggregate
prevalence and pooled OR.
Exclusion criteria
Studies were excluded if they 1) did not provide suffi-
cient information to calculate the aggregate prevalence
and OR; 2) did not provide a specific definition of, and
criteria for IA; and 3) the authors did not respond to
provide further information upon request including the
psychiatric co-morbidity directly related to internet use
(e.g. online gambling). Articles with abstracts that were
written in the English or Chinese language but had full
texts written in non-English or non-Chinese languages
were excluded (Studies published in Chinese and Korean
which were excluded and the reasons for exclusion are
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case reports, case series and studies only reported results
on electroencephalogram (EEG), event-related potentials,
imaging, intervention and other phenomenon such as
decision making, lifestyle, impulsivity and sexual attitude
without reporting psychiatric co-morbidity.
Selection of articles
All articles were anonymised (i.e. blinded title, author(s),
year of publication and journal name) prior to selection.
Selection of relevant publications was conducted inde-
pendently by two authors (i.e. TYT and MWZ). Articles
were initially screened on the basis of titles and ab-
stracts. The short-listed articles were then evaluated on
study design, and screened for the inclusion and exclu-
sion criteria listed above. Disagreement regarding the in-
clusion or exclusion of retrieved papers was resolved by
discussion with the first author (i.e. RCH) before the list
of articles to be used in the meta-analysis was forma-
lised. There were 13 studies published in Chinese (please
see Additional file 1). None of these studies reported
psychiatric co-morbidity including depression, anxiety,
ADHD and alcohol abuse. There were 10 studies pub-
lished in the Korean language of which 8 studies did not
meet the inclusion criteria because psychiatric co-
morbidity was not reported (please see Additional file 2).
One study reported the mean depression scores but not
the number of participants suffering from depression.
One study reported alcohol use (i.e. 1-2 times per week)
but not alcohol abuse. As a result, these two studies
were excluded. All procedures were in accordance with
the guidelines for the meta-analysis of observational
studies (MOOSE) in epidemiology [11].
Statistical methods
Data extraction
The following information was extracted from each
article, crossed-checked by the second and last author,
and recorded on a standardized data collection form: a)
publication details (family name of the first author, and
other citation details including geographic locale and
year of publication); b) the number of IA patients and
healthy controls; c) the number of IA cases and controls
for each psychiatric comorbidity; d) source of healthy
controls; e) descriptions of instruments for assessment
of psychiatric co-morbidity; and f ) demographics of par-
ticipants including mean age, proportion of gender, and
proportion of ethnicities.
Statistical analysis
All statistical analyses were performed with Comprehen-
sive Meta-Analysis Version 2.0 using the random–effects
models for aggregate prevalence and pooled OR. The
random-effect model was used because it assumesvarying effect size between studies but leads to a markedly
conservative null-hypothesis model [12], and it takes into
consideration subject-specific effects [13-15]. All studies
reported the presence and absence of a psychiatric comor-
bidity as dichotomous outcomes. Thus, summary statistics
including the aggregate prevalence of a psychiatric comor-
bidity, 95% CI, Q-value, degree of freedom, p-value and
tau2 were reported for the IA group and the healthy
controls. To test the hypothesis that a specific psychiatric
comorbidity was in fact more common in the IA group, the
pooled OR was calculated. The pooled OR, 95% CI, z-value
and P-value were reported for each figure of psychiatric
comorbidity. Significant statistical difference was set at
P < 0.05 for all analyses. Between-study heterogeneity was
assessed with the I2 statistic, which describes the percentage
of variability among effect estimates beyond that expected
by chance [16]. As a reference, I2 values of 25% was consid-
ered low, 50% moderate, and 75% high. Egger’s regression
tests were performed to detect publication bias. If signifi-
cant publication bias was present, the classic fail-safe test
would be performed to determine the number of missing
studies required for the P-value of publication bias among
the observed studies to approximate > 0.05. Forest plots
(Figures 1, 2, 3 and 4) for each of the co-morbidity of IA
were generated to summarize individual study estimates
and the overall estimate, and to compare the odds ratio
between the IA and normal groups.
Subgroup analysis
We undertook a subgroup analysis to investigate the
effects of age on the prevalence of psychiatric co-
morbidity between the IA and control groups. We com-
pared the prevalence of psychiatric co-morbidity among
three subgroups: 1) adolescents (10-18 years of age); 2)
young adults (19-39 years of age); and 3) middle-aged
adults and the elderly (40-76 years of age). The age
ranges of the aforementioned groups were determined
by the mean age and overall age range of the subjects
recruited.
Results
Eight studies comprising a total of 1641 patients with IA
and 11210 controls without IA were included in the ana-
lysis (Figure 5). The studies consisted of patients mainly
from Asian countries. Descriptive characteristics of the
study populations are shown in Table 1. Subgroup ana-
lyses are shown in Table 2.
Alcohol abuse
The prevalence of alcohol abuse among IA patients
was 13.3% (95% CI: 5.9% - 27.0%, z = -4.158, df = 2,
τ2 = 0.57, I2 = 94.18). The prevalence of alcohol abuse
among the normal controls was 4.3% (95% CI: 1.4%–
12.2%, z = -5.370, df = 2, τ2 = 0.99, I2 = 98.8). Figure 1
Figure 1 Forest plot comparing the odds ratios of having co-morbid alcohol abuse among patients suffering from internet addiction
versus controls without internet addiction.
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the prevalence of alcohol abuse between patients with IA
and their healthy counterparts. The proportion of patients
with alcohol abuse was significantly higher in the IA group
than in the control group (pooled OR= 3.05, 95% CI: 2.14-
4.37, z = 6.12, P < 0.001). There was a moderate but
non-significant degree of between-study heterogeneity
(τ2 = 0.052; Q = 4.22, df = 2, P = 0.121, I2 = 52.6).
Attention deficit and hyperactivity disorder
The prevalence of ADHD among IA patients was 21.7%
(95% CI: 18.6 – 25.0%, z = -13.283, df = 3, τ2 = 0.005, I2 =
12.4). The prevalence of ADHD among the normal con-
trols was 8.9% (95% CI: 7.9–10.1%, z = -35.0, df = 3, τ2 =
0.004, I2 = 22.59). Figure 2 demonstrates the results of
four studies which compared the prevalence of ADHD
between patients with IA and controls. The proportion
of patients with ADHD was significantly higher in the
IA group than in the control group (pooled OR 2.85,
95% CI: 2.15-3.77, z = 7.27, P < 0.001). There was a low
and non-significant level of between-study heterogeneity
(τ2 = 0.029; Q = 4.68, df = 3, P = 0.197, I2 = 35.9).
Depression
The prevalence of depression among IA patients was 26.3%
(95% CI: 17.6–37.4%, z = -3.93, df =4, τ2 = 0.30, I2 = 88.99).Figure 2 Forest plot comparing the odds ratios of having co-morbid
internet addiction versus controls without internet addiction.The prevalence of depression among the normal controls
was 11.7% (95% CI: 8.8–15.5%, Q = 10.205, df = 4, p < 0.001,
τ2 = 0.11, I2 = 92.57). Figure 3 demonstrates the results of
five studies which compared the prevalence of depression
between patients suffering from IA and the healthy con-
trols. The proportion of patients with depression was sig-
nificantly higher in the IA group than in the control group
(pooled OR = 2.77, 95% CI = 2.04–3.75, z = 6.55, P < 0.001)
based on the random-effects model. The between-study
heterogeneity was moderate but not statistically significant
(τ2 = 0.062, Q = 9.1, df = 4, P = 0.06, I2 = 56.1).Anxiety
The prevalence of anxiety among IA patients was 23.3%
(95% CI: 14.8-34.8, z = - 4.156, df = 3, τ2 = 0.27, I2 = 84.37).
The prevalence of anxiety among the normal controls was
10.3% (95% CI: 5.0–19.9, z = -5.47, df = 3, τ2 = 0.59, I2 =
97.9). Figure 4 demonstrates the result of four studies
which compared the prevalence of anxiety symptoms
between patients with IA and controls. The proportion
of patients with anxiety symptoms was significantly
higher in the IA group than in the control group
(pooled OR = 2.70, 95% CI: 1.46-4.97, z = 3.18, P = 0.001).
There was a high level of between-study heterogeneity
(τ2 = 0.293; Q = 16.0, df = 3, P = 0.001, I2 = 81.2).attention deficit hyperactivity among patients suffering from
Figure 3 Forest plot comparing the odds ratios of having co-morbid depression among patients suffering from internet addiction
versus controls without internet addiction.
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The pattern and aggregate prevalence of psychiatric co-
morbidity were significantly different across the three age-
stratified subgroups (Table 2). ADHD was more prevalent
in studies involving young adults (19-39 years of age).
Amongst IA patients, anxiety was the most prevalent
among young adults (19-39 years of age); depression was
the most prevalent among middle-aged adults and the eld-
erly (40-76 years); alcohol abuse was the most prevalent
among adolescents (10- 18 years of age).
Publication bias
There was no significant publication bias for any of the
psychiatric co-morbidity: alcohol abuse (intercept = 2.86,
95% CI: -28.9-34.6, τ = 1.14, df = 1, P = 0.458), ADHD
(intercept = 2.19, 95% CI: 4.63-9.10, τ2 = 1.38, df = 2,
P = 0.3), depression (intercept = 0.29, 95% CI: -6.42-
6.99, τ2 = 0.14 df = 3, P = 0.90) and anxiety (intercept =
3.24, 95% CI: -9.26-15.7, τ2 = 1.12; df =2, P = 0.38).
Discussion
To our knowledge, this is the first meta-analysis to
investigate the relationship between IA and psychiatric
co-morbidity with consideration of heterogeneity. Our
findings suggest that IA is associated with alcohol abuse,Figure 4 Forest plot comparing the odds ratios of having co-morbid
controls without internet addiction.ADHD, depression and anxiety. Amongst these signifi-
cant psychiatric co-morbidities, alcohol abuse has the
strongest association with IA. Carli et al. [8] reported
that 75% of pathological internet users suffer from
depression, 57% from anxiety and 100% from ADHD. In
the present study, 26.3% of patients with IA suffer from
depression, 23.3% from anxiety and 21.7% from ADHD.
Our findings are similar to the prevalence of coexisting
psychiatric disorders in patients suffering from alcohol
and drug disorders which ranges between 20% and 30%
[25]. Resultant findings support our hypothesis that the
prevalence of psychiatric co-morbidity in IA is similar to
that in substance use and addictive disorders. A previous
study by Carli et al. may have overestimated the prevalence
of psychiatric co-morbidity in IA, especially that of ADHD.
Contrary to alcohol abuse, depression and ADHD, the
aggregate prevalence of anxiety demonstrates significant
heterogeneity. Subgroup analysis showed that the aggregate
prevalence of the respective psychiatric symptoms varied
significantly based on the age stratification of the sample.
Our results suggest that IA and psychiatric co-
morbidity may co-occur as a result of complex inter-
action between various aetiological factors. The intricacies
of the genetic transmission of IA remains exploratory.
Montag et al. [26] found that the CC genotype of theanxiety among patients suffering from internet addiction versus
Figure 5 Literature search profile and study selection process.
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acetylcholine receptor subunit alpha 4 (CHRNA4) occurred
significantly more frequently in patients suffering from IA.
Moreover, nicotinic receptors play a key role in nicotine ad-
diction. Lee et al. [27] reported that the homozygous short
alleles (SS) of the serotonin transporter gene promoter
region (5HTTLPR) are more prevalent among excessive
internet users, and the genotype was found to be associated
with depressive disorder [28]. The involvement of the sero-
tonin genotype in IA and depression suggests that these
two conditions may share similar neurochemical changes
thereby warranting further investigation.
Patients suffering from IA are more likely to be non-
compliant with psychotropic medication and psychotherapy
because they are preoccupied with internet usage. Further-
more, depression and anxiety often occur as part of the
internet withdrawal syndrome. Excessive internet usage
may serve as a maintaining factor for anxiety by reinforcing
the avoidance of anticipatory anxiety stemming from stress-
ful situations and life events. The relationship between IA
and alcohol is complicated. The biological reinforcementmodels [25] suggest that alcohol may alter neuroanatomical
pathways that are involved in the positive reinforcement of
internet use. Although internet-based treatment has been
used for detrimental alcohol use [29], there is a paucity of
research in the effects of alcohol on internet use. Wu and
Delva [30] reported that the use of internet at home has no
effect on drinking but the use of computers in internet
cafés was a strong predictor of drinking among women.
Yen et al. reported that fun-seeking is a shared characteris-
tic of IA and alcohol abuse [19]. The above-mentioned
findings support our subgroup analysis which demonstrated
that alcohol abuse is more prevalent among younger sub-
jects (10-18 years of age), as internet cafés and fun-seeking
are typically more common among youths. While it is un-
likely that IA causes ADHD, clinical impressions posit that
internet usage may improve ADHD. In our subgroup ana-
lysis, ADHD is more prevalent in young adults (19-39 years
of age). Clinical observations point to a predominance of
inattention over and above hyperactivity in adults. The
self-treatment hypothesis thus postulates that adult patients
with ADHD use the internet excessively to control their
Table 1 Descriptive characteristics of studies between internet addiction and psychiatric co-morbidity
Study
(date)
Study
location
Study design Population Case
definition
Description
of controls
Number of
subjects (n)
(IA/controls)
Proportion
of gender
in all subjects
(% males)
Proportion
of gender
in IA
patients
(% males)
Mean age
of all subjects
(in years)
Method of
assessment for
psychiatric
co-morbidity
Psychiatric
comorbidity
studied
Prevalence of
psychiatric
co-morbidity
(IA/ controls)
Alavi et al.
(2011) [17]
Iran Cross-
sectional
College student YDQ and
IAT
Community
sample
36/214 38.0 61.1 22.5 SCL-90-R Depression 44.4/17.8
Anxiety 50.0/19.8
Ko et al.
(2009) [18]
Taiwan Observational
cohort study
7th grade students
from 10 junior
high schools
CIAS Community
sample
276/1572 56.1 63.8 12.4 CES-D Depression 14.3/9.3
ADHDA ADHD 19.5/10.1
BV-FNE Anxiety 20.3/15.7
Yen et al.
(2009) [19]
Taiwan Case -control College students CIAS Community
sample
246/1746 29.2 45.1 20.5 CES-D Depression 26.4/10.1
AUDIT Alcohol 13.0/5.7
Yen et al.
(2009) [20]
Taiwan Case control Students from 8
colleges
CIAS Community
sample
338/2281 33.5 51.8 20.5 ASRS ADHD 20.7/8.3
Bakken et al.
(2009) [21]
Norway Cross-
sectional
National postal
survey
YDQ
score
of≥ 3
Community
sample and
YDQ score of
2 and below
212/3181 47.1 NA 45.8 Self-reported
feelings of
depression,
anxiety, alcohol
abuse
Depression 36.0/15.4
Anxiety 16.5/5.6
Alcohol 6.1/1.2
Ko et al.
(2008) [22]
Taiwan Observational
cohort study
Student from 2
classes per grade
from a random
selection of 3
senior high
schools and 7
vocational high
school
CIAS Community
sample
366/1632 56.8 71.3 16.3 CRAFFT
substance abuse
screening test
Alcohol 25.1/11.0
Ko et al.
(2008) [23]
Taiwan Case -control Respondents to
an advertisement
regarding internet
usage
DC-IA-C Community
sample
87/129 61.1 74.7 21.5 Chinese Version
of the Mini-
International
Neuropsychiatric
interview
Depression 18.3/6.2
ADHD 32.2/8.5
Anxiety 14.9/6.2
Yoo et al.
(2004) [24]
Korea Case- control Elementary school
students
IAT Community
sample
80/455 49.3 68.8 11.1 K-ARS ADHD 22.5/8.1
YDQ, Young diagnostic questionnaire; IAT , Young Internet Addiction test; CIAS Chen Internet Addiction Scale; DC-IA-C, Diagnostic Criteria of Internet Addiction for College; SCL-90-R , Symptom Checklist-90-Revision;
CES-D, Center of Epidemiologic Studies Depression Scale; ADHDS, Attention-Deficit/hyperactivity Disorder Self-rated Scale; BV-FNE, Brief Version of the Fear of Negative Evaluation Scale; AUDIT, Alcohol Use Disorders
Identification Test; ASRS, Adult ADHD Self-Report Scale; K-ARS, Korean version of DuPaul’s ADHD rating scale.
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Table 2 Results of subgroup effect size analysis of
internet addiction patients for each of the psychiatric
comorbidity
Subgroups No. of
studies
Pooled
prevalence
(%)
95% CI P value in
between-group
comparison
1. Attention deficit
and hyperactivity
Young adults
(19-39 years)
2 23.7 17.0-32.0 <0.001
Adolescents
(10-18 years)
2 20.3 16.3-24.9
2. Alcohol abuse
Middle-aged
adults and
elderly
(40-76 years)
1 6.1 3.6-10.2 <0.001
Young adults
(19-39 years)
1 13.0 9.3-17.8
Adolescents
(10-18 years)
1 25.1 20.9-29.8
3. Anxiety
Middle-aged
adults and elderly
(40-76 years)
1 16.5 12.1-22.1 <0.001
Young adults
(19-39 years)
2 30.9 8.6-68.1
Adolescents
(10-18 years)
1 20.3 15.9-25.6
4. Depression
Middle-aged
adults and elderly
(40-76 years)
1 35.8 29.7-42.5 <0.001
Young adults
(19-39 years)
3 28.3 18.2-41.3
Adolescents
(10-18 years)
1 14.3 10.5-19.2
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years by clinical definition) usually predates the incipience
of IA [31], thereby suggesting the potential role of ADHD
as a predisposing factor of IA.
Present emergent findings confer significant clinical
implications as they aid mental health professionals in
appreciating that IA may not present as a singular diag-
nostic entity, but co-occur with alcohol abuse, ADHD,
depression and anxiety. It is thus reasonable to expect
that all patients who present with IA be adequately
screened for alcohol abuse, ADHD, depression and anx-
iety. In a similar vein, it is recommended that patients
who present with the above-mentioned psychiatric
condition be interviewed about their internet usage. Our
findings also inform the prospective treatment of IA
because psychiatric co-morbidity may reinforce, if not
maintain the pathological pattern of internet usage.Therefore, the treatment of IA and psychiatric co-
morbidity should be integrated into a cohesive service
which focuses on the minimization of harm [25]. The
overarching goals of treatment would encompass the
abstinence of internet usage, activity scheduling to
supplant online activity with face-to-face interpersonal
activity, and motivational interviewing. The reduction
of internet usage may lead to a corresponding reduc-
tion of the severity of comorbid psychiatric symptoms.
Pharmacotherapy involving the opioid receptor antagonist,
naltrexone may diminish euphoria or the rewarding experi-
ence that is associated with alcohol abuse and IA. Similarly,
selective serotonin reuptake inhibitors (SSRIs) may attenu-
ate the impulsivity that is associated with internet use,
depression and anxiety. For patients who tend to use the
internet in internet cafés which serve alcoholic beverages,
avoidance of those locations or short-term hospitalisation
may treat both conditions simultaneously.
A strength of this meta-analysis is the minimal publi-
cation bias. Notwithstanding, this meta-analysis is not
without its limitations. Firstly, we could not assess
cause-and-effect mechanisms underpinning IA and psy-
chiatric co-morbidity because most studies included are
cross-sectional in nature. Secondly, the association be-
tween IA and psychiatric co-morbidity should be inter-
preted with caution because there exist confounding
factors, for example attachment [32], environmental
stress, parenting styles [33] family structure [34], and
gender. In extant case-control studies [19,20,24], the
proportion of males is significantly higher in the IA
groups as compared to control groups. ADHD and alco-
hol abuse are also known to be more common in males
than females [35]. Furthermore, the number of studies
focusing on alcohol abuse is small (n = 3 studies).
Thirdly, studies focusing on other psychiatric co-
morbidities such as eating disorders and abuse of other
recreational drugs did not meet the inclusion criteria
and were not included. Although there exist other stud-
ies which reported the severity levels of depression, anx-
iety and ADHD, these studies were excluded because
different questionnaires were used and the scores could
not be combined. Most studies included in the meta-
analysis employed self-report questionnaires with the ex-
ception of a single study which had established the diag-
nosis of psychiatric co-morbidity using a structured inter-
view format [23]. Due to the small number of studies, we
could not perform a sensitivity analysis to investigate the
differences in psychiatric co-morbidity that was established
by self-reported questionnaires and structured interviews as
well as the differences in pooled OR between varying study
designs. The meta-analysis was also limited in that the
scales and structured interviews administered focused pri-
marily on IA but not IA-specific behaviours such as gam-
ing, shopping and social media. Consequently, we could
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specific types of IA behaviour. A fifth limitation resides in a
high and statistically significant level of between-study
heterogeneity that was found in the pooled OR for anx-
iety. This warrants further meta-regression to identify
moderators that may be attributing to the significant
heterogeneity. Meta-regression was not performed in
this study because Gagnier et al. has recommended at
least 10 studies per moderator in meta-regression to
avoid spurious findings. Finally, most of the subjects
included in this meta-analysis were young Asians from
China and Korea. Further studies are required to inves-
tigate other ethnic groups in Europe and North Amer-
ica, as well as older adults. It is important to note that
the patterns of internet use and recreational drug use
may vary between Eastern and Western populations.
Further research is necessitated to arrive at a consensus
on the definition of IA and examine the unique interactions
between IA and psychiatric co-morbidity such as common
aetiology, illness trajectory and treatment outcomes. In this
meta-analysis, the definition of IA was based on two instru-
ments, namely Young’s Internet Addiction Test and Chen
Internet Addiction Scale. Although there are overlapping
characteristics between two questionnaires, further research
is required to arrive at a consensus on the diagnostic
criteria of IA.
With the exception of ADHD (age of onset is known
to be earlier than 7 years) [31], the sequence of develop-
ment of IA and other psychiatric co-morbidity remains
unclear. Prospective studies are required to determine if
psychiatric co-morbidities such as depression and anx-
iety originate from IA and abate with reduced usage of
internet or otherwise. Also, as patients suffering from IA
and psychiatric co-morbidity may not respond to stand-
ard treatment approaches, further research is required to
investigate the effect of psychotropic medications (e.g.
antidepressant, methylphenidate) on the severity of IA
and psychiatric co-morbidity.Conclusion
The present meta-analysis engendered a significant associ-
ation between IA and alcohol abuse, ADHD, depression
and anxiety. Psychiatric co-morbidity occurs in a range
from 13.3% to 26.3% among patients suffering from IA. To
enhance understanding of the relationship between IA
and psychiatric co-morbidity, prospective studies involving
other psychiatric co-morbidities are required to establish
the cause-and-effect mechanisms between IA and psychi-
atric co-morbidity. In view that the complex interactions
between IA and psychiatric co-morbidity may lead to
significant health burden, concerted mental health services
need to be developed in anticipation of the recognition of
IA as a diagnosable psychiatric disorder in the future.Additional files
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